INTRODUCTION
============

In Korea, there are about 3,600 new cases of cervical cancer each year, and about two-third of them are diagnosed as early-stage disease \[[@B1]\]. Radical hysterectomy (RH) with pelvic lymphadenectomy has been widely accepted as the preferred treatment in patients with early-stage cervical cancer (stage IA2--IIA) in Korea \[[@B2]\].

Even after curative resection for early-stage cervical cancer, disease recurrence occurs in approximately 20%--30% of patients \[[@B3][@B4]\]. Postoperative pathologic examinations reveal risk factors for recurrence. High risk factors for recurrence are lymph node (LN) involvement and/or microscopic parametrial invasion, and intermediate-risk factors are tumor size, depth of stromal invasion (DOI), and/or lymphovascular space invasion (LVSI) \[[@B5][@B6]\]. Radiation therapy (RT) or concurrent chemoradiation therapy (CCRT) has been recommended as the standard adjuvant therapy to reduce recurrence in patients with these risk factors \[[@B7]\]. However, adjuvant RT or CCRT could be associated with an increased risk of certain complications and a negative impact on the quality of life \[[@B8]\]. In addition, survival benefit from adjuvant RT is currently unclear in patients with intermediate-risk factors \[[@B9]\].

Platinum is the most active agent in treating cervical cancer, and platinum-based chemotherapy (CT) is widely used to treat recurrent or metastatic disease \[[@B10][@B11]\]. Several studies have reported that platinum-based CT alone has an equivalent effect of RT or CCRT, with the benefit of fewer long-term complications in adjuvant setting for patients with risk factors \[[@B12][@B13][@B14][@B15]\]. In this study, we evaluated the oncologic outcomes of adjuvant CT alone in 101 consecutive patients with surgical-pathologic risk factors after radical surgery in stage IB--IIA cervical cancer.

MATERIALS AND METHODS
=====================

We reviewed the cervical cancer surgery database and medical records at 2 academic medical centers in Korea (Gachon University Gil Medical Center and Kyung Hee University Hospital at Gangdong) to identify patients who underwent radical surgery for stage IB--IIA cervical cancer and received adjuvant CT alone between March 2006 and December 2014. Patients were excluded if they had microscopic involvement of the parametrium or positive surgical margin, received neoadjuvant therapy, had incomplete clinicopathologic data, or received RT or CCRT. This retrospective study was approved by the local institutional review board of each institution. The stage of each patient was determined by the 2009 International Federation of Gynecology and Obstetrics (FIGO) classification.

Radical surgery consisted of type C hysterectomy and pelvic lymphadenectomy with or without paraaortic lymphadenectomy. We tried to completely remove all common iliac (including presacral), external iliac, internal iliac, and obturator LNs. And, if intraoperative pelvic LN was suspicious or positive, paraaortic lymphadenectomy up to inferior mesenteric artery was done.

Based on the pathologic assessment after radical surgery, adjuvant CT was given to patients who met the Sedlis criteria that defines intermediate-risk disease or had LN involvement. Sedlis criteria included one of the following: 1) positive LVSI plus a deep third stromal invasion and any tumor size; 2) positive LVSI plus a middle third stromal invasion and a tumor size of ≥2 cm; 3) positive LVSI plus a superficial third stromal invasion and a tumor size of ≥5 cm; and 4) no LVSI, but deep or middle third stromal invasion and a tumor size of ≥4 cm. Adjuvant CT, using either the platinum monotherapy or platinum-based combination, began within 4 weeks after radical surgery. Platinum monotherapy consisted of cisplatin (Platinol^®^; Bristol-Myers Squibb Company, Princeton, NJ, USA) 50 mg/m^2^ on day 1 every 3 weeks. A combination regimen was paclitaxel (175 mg/m^2^ on day 1, Taxol^®^; Bristol-Myers Squibb Company) combined with either cisplatin (50 mg/m^2^ on day 1; Bristol-Myers Squibb Company) or carboplatin (AUC 5 on day 1, Paraplatin^®^; Bristol-Myers Squibb Company) every 3 weeks.

Categorical variables are presented as frequencies and percentages, and continuous variables are expressed as the median with range. Overall survival (OS) and disease-free survival (DFS) were estimated by the Kaplan-Meier method. DFS was defined from the date of surgery to physical or radiologic evidence of disease recurrence, or at the last patient visit. OS was defined as from the date of surgery to death, or to the date of last visit. Disease-specific survival (DSS) was defined as the time interval from date of surgery to the date of cervical cancer related death or to the date of last visit. Patients who died of causes other than cervical cancer were censored at the time of their death for DSS analysis. All analyses were performed using SPSS for Windows version 18.0 (SPSS Inc., Chicago, IL, USA). All end points were last updated in July 2016.

RESULTS
=======

1. Patient characteristics {#sec1}
--------------------------

During the period, radical surgery was performed in 591 patients. Of them, a total of 101 consecutive patients were included in the study. The median age was 46.0 (range, 23--73) years; the median body mass index was 23.0 (range, 17.5--31.6); the median parity was 2.0 (range, 0--5); and 34 women (33.7%) were in menopausal status. Seventy-four patients (73.3%) were staged as IB1, 23 patients (22.8%) as IB2, and 4 patients (3.9%) as IIA. The histologic cell type was squamous in 75 women (74.3%), adenocarcinoma in 15 (14.9%), adenosquamous in 6 (5.9%), and others in 5 (4.9%). The median diameter of tumor was 4.0 cm (range, 1--7.3). The median number of retrieved pelvic LNs was 55.0 (range, 16--101); and the median number of positive pelvic LN was 2 (range, 1--33). Fifty patients underwent both pelvic and paraaortic lymphadenectomy. The median number of retrieved paraaortic LN (PALN) was 10.0 (range, 2--30); and the median number of positive PALN was 2.0 (range, 1--17). The median safety margin of vagina was 1.5 cm (range, 0.4--4.5). A single platinum CT was used in 47 patients (47%), and platinum-based combination CT was used in 54 patients (53%). Thirty-one patients (31%) received 3 cycles of CT, and 70 patients (69%) received 6 cycles of CT ([Table 1](#T1){ref-type="table"}). The patients (n=23) with LN metastasis received 6 cycles of platinum-based combination and the remaining patients (n=2) received 3 cycles of platinum-based combination. The patients with Sedlis criteria received 3 cycles (n=29) of platinum-based combination or 6 cycles (n=47) of platinum monotherapy.

###### Patient\'s characteristics (n=101)

![](jgo-29-e5-i001)

  Characteristics                                                     Value                     
  ------------------------------------------------------------------- ------------------------- -----------
  Age (yr)                                                            46.0 (23--73)             
  Body mass index                                                     23.0 (17.5--31.6)         
  Parity                                                              2.0 (0--5)                
  Menopause                                                                                     
                                                                      Yes                       34 (33.7)
                                                                      No                        67 (66.3)
  Clinical stage                                                                                
                                                                      IB1                       74 (73.3)
                                                                      IB2                       23 (22.8)
                                                                      IIA                       4 (3.9)
  Histology                                                                                     
                                                                      Squamous                  75 (74.3)
                                                                      Adenocarcinoma            15 (14.9)
                                                                      Adenosquamous             6 (5.9)
                                                                      Others                    5 (4.9)
  Pathologic large tumor diameter (cm)                                4.0 (1--8)                
  No. of retrieved pelvic LN                                          55.0 (16--101)            
  No. of pelvic LN metastasis                                         2.0 (1--33)               
  No. of patients undergoing pelvic and paraaortic lymph dissection   50                        
  No. of retrieved PALN                                               10.0 (2--30)              
  No. of PALN metastasis                                              2.0 (1--17)               
  Safety margin of vagina (cm)                                        1.5 (0.4--4.5)            
  CT regimen                                                                                    
                                                                      Single platinum           47 (47)
                                                                      Paclitaxel and platinum   54 (53)
  Cycles of CT                                                                                  
                                                                      3 cycles                  31 (31)
                                                                      6 cycles                  70 (69)

Values are presented as median (range) or number of patients (%).

CT, chemotherapy; LN, lymph node; PALN, paraaortic lymph node.

There were 76 patients with a combination of 3 risk factors without LN metastasis: 29 (38.2%) with positive LVSI, deep 1/3 DOI, and tumor with any size; 27 (35.6%) with positive LVSI, middle 1/3 DOI, and ≥2 cm of tumor size; 18 (23.7%) with negative LVSI, deep or middle 1/3 DOI, and ≥4 cm of tumor size; 2 (1.5%) with positive LVSI, superficial 1/3 DOI, and ≥5 cm of tumor size ([Table 2](#T2){ref-type="table"}). Twenty-five patients had 1 or more LN metastases: 21 with only pelvic LN metastasis, and 4 with pelvic and PALN metastasis.

###### Combination of the 3 risk factors without positive LN (n=76)

![](jgo-29-e5-i002)

  LVSI       DOI                  Tumor size (cm)   No. (%)
  ---------- -------------------- ----------------- -----------
  Positive   Deep 1/3             Any               29 (38.2)
  Positive   Middle 1/3           ≥2                27 (35.6)
  Negative   Deep or middle 1/3   ≥4                18 (23.7)
  Positive   Superficial 1/3      ≥5                2 (1.5)

DOI, depth of stromal invasion; LN, lymph node; LVSI, lymphovascular space invasion.

2. Treatment outcomes {#sec2}
---------------------

Fourteen (13.9%) of the 101 patients suffered from recurrence. Nine of those patients had a combination of the 3 risk factors without LN metastasis; of which 5 patients had recurrences in the loco-regional site and 4 patients in the distant sites. Moreover, of these 9 patients after salvage treatment (ST), 3 had no evidence of the disease, 4 patients are alive with the disease, and 2 patients died with the disease. Of the 5 patients with LN metastasis, 2 patients had recurrences in the loco-regional site and 3 patients in distant sites; after ST, 1 patient had no evidence of the disease, 1 patient is alive with the disease, and 3 patients died with the disease ([Table 3](#T3){ref-type="table"}). The median follow-up time was 65 months (range, 19--108). Comparison of the single with combination regimen in the patients with Sedlis criteria revealed no significant differences in 3-year DFS (p=0.11), 5-year OS (p=0.25), and the 5-year DSS (p=0.25). Although 61.8% of patients with intermediate-risk factors received a single agent platinum, the recurrence rates were lower in patients with intermediate-risk factors than in patients with high-risk factors (11.8% vs. 20.0%, p=0.326). Additional studies are necessary to establish the optimal regimen for adjuvant CT.

###### Disease relapse pattern and ST

![](jgo-29-e5-i003)

  Case No.                                                                Age   Stage   TS (cm)   DOI      LVSI   LN metastasis   RS       ST        PS
  ----------------------------------------------------------------------- ----- ------- --------- -------- ------ --------------- -------- --------- ------
  Patients with combination of the 3 risk factors without LN metastasis                                                                              
  Case 1                                                                  52    IB1     1.5       Deep     Yes    No              Vulva    CCRT      NED
  Case 2                                                                  40    IB1     4.9       Middle   Yes    No              Pelvis   Surgery   NED
  Case 3                                                                  42    IB2     4.5       Middle   Yes    No              Pelvis   CCRT      NED
  Case 4                                                                  65    IB1     2.9       Deep     Yes    No              Vagina   RT        AWD
  Case 5                                                                  44    IB2     4.5       Deep     Yes    No              Brain    RT        AWD
  Case 6                                                                  52    IB1     2.0       Middle   Yes    No              Lung     CT        AWD
  Case 7                                                                  40    IB1     3.2       Middle   Yes    No              Vagina   RT        AWD
  Case 8                                                                  49    IB1     5.5       Deep     Yes    No              Lung     CT        Dead
  Case 9                                                                  72    IB2     3.7       Deep     No     No              Lung     CT        Dead
  Patients with LN metastasis irrespective the 3 risk factors                                                                                        
  Case 10                                                                 37    IB1     2.9       Deep     Yes    Yes             Vagina   RT        NED
  Case 11                                                                 40    IB1     2.0       Deep     Yes    Yes             Vagina   CCRT      AWD
  Case 12                                                                 66    IB1     4.0       Deep     Yes    Yes             Lung     RT        Dead
  Case 13                                                                 49    IB2     4.5       Deep     Yes    Yes             Lung     CT        Dead
  Case 14                                                                 50    IB2     3.0       Deep     Yes    Yes             PALN     CT        Dead

AWD, alive with disease; CCRT, concurrent chemoradiation therapy; CT, chemotherapy; DOI, depth of stromal invasion; LN, lymph node; LVSI, lymphovascular space invasion; NED, no evidence of disease; PALN, paraaortic lymph node; PS, present status; RS, recurrence site; RT, radiation therapy; ST, salvage treatment; TS, pathologic large tumor size.

In all patients, the estimated 3-year DFS rate was 90.7%; the estimated 5-year OS rate was 90.6%; and the 5-year DSS rate was 94.7% ([Fig. 1](#F1){ref-type="fig"}). In patients with a combination of 3 risk factors, the 3-year DFS rate was 94.6%; the 5-year OS rate was 90.6%; and the 5-year DSS rate was 96.2% ([Fig. 2](#F2){ref-type="fig"}). In patients with LN metastasis, the 3-year DFS rate was 79.4%; the 5-year OS rate was 90.6%; and the 5-year DSS rate was 90.6% ([Fig. 3](#F3){ref-type="fig"}). The causes of death unrelated to cervical cancer were car accident, tongue cancer, myocardial infarction, and brain stroke.

![In the all patients, the 3-year DFS rate was 90.7%, the 5-year OS rate was 90.6%, and the 5-year DSS rate was 94.7%.\
DFS, disease-free survival; DSS, disease-specific survival; OS, overall survival.](jgo-29-e5-g001){#F1}

![In the patients with combination of 3 risk factors, the 3-year DFS rate was 94.6%, the 5-year OS rate was 90.6%, and the 5-year DSS rate was 96.2%.\
DFS, disease-free survival; DSS, disease-specific survival; OS, overall survival.](jgo-29-e5-g002){#F2}

![In the patients with LN metastasis, the 3-year DFS rate was 79.4%, the 5-year OS rate was 90.6%, and the 5-year DSS rate was 90.6%.\
DFS, disease-free survival; DSS, disease-specific survival; LN, lymph node; OS, overall survival.](jgo-29-e5-g003){#F3}

There were no treatment-related deaths and treatment-related morbidity was as follows; grade 3--4 hematologic toxicity occurring in 18 patients (25 episodes), infected lymphocele requiring drain 2 patients, hydronephrosis 2 patients, herniation of abdominal 1 patient, and lymphedema of lower limb 15 patients.

DISCUSSION
==========

This retrospective study included one of the largest cohorts of patients who received adjuvant CT alone. With the median follow-up duration of 65 months, the 3-year DFS and 5-year OS rates were 90.7% and 90.6%, respectively. Our results were better than those of historical controls, who had received surgery-only in randomized phase III trials (5-year DFS rates, 72.1%--74.0%; 5-year OS rates, 78.6%--84.0%) \[[@B5][@B16]\], and comparable to the results from previous studies evaluating adjuvant CT alone (5-year DFS rates, 84.5%--93.3%; 5-year OS rates, 86.5%--94.9%) \[[@B13][@B17][@B18][@B19]\]. We additionally analyzed survival data of 59 patients having relative risk of recurrence \>120 and no LN metastasis based on Gynecologic Oncology Group (GOG) scoring system \[[@B20]\]. These patients had relatively high risk of recurrence on Sedlis criteria. The 3-year DFS (94.9%), 5-year OS (90.9%), and 5-year DSS (95.2%) were not different from all patients. Thus, adjuvant CT seems to be effective even in relatively higher risk patients in a combination of 3 risk factors.

Loco-regional recurrence is a predominant pattern of failure in radically resected early-stage cervical cancer \[[@B4]\]. To control pelvic recurrence, many investigators have been focused on whether RT is beneficial in the adjuvant setting. Although pelvic RT alone after radical resection significantly reduces the risk of local recurrence, it is not associated with survival benefit \[[@B9]\]. On the other hand, the addition of CT to pelvic RT was associated with significant improvement of survival in early-stage, high-risk patients undergoing radical resection for cervical cancer \[[@B6]\]. However, a previously reported randomized phase III trial failed to show the superiority of CCRT over CT alone as adjuvant therapy in early-stage cervical cancer patients at high-risk for recurrence, which resulted in the early closure of the trial \[[@B15]\]. There is a major concern that adjuvant CT alone may be ineffective to prevent local recurrence. However, a large retrospective study showed that adjuvant CT alone may be effective in reducing both loco-regional and distal recurrences; the CT alone group exhibited a significantly lower pelvic recurrence and distant metastasis rates than the RT alone group. Thus, CT could be considered the effective tool of controlling locoregional and distant micrometastasis \[[@B18][@B19][@B21]\].

Adjuvant RT or CCRT is associated with an increased incidence of complications, including bowel obstruction, urinary disturbance, and lower-limb lymph edema \[[@B8][@B12][@B18]\]. In addition, it was reported that women treated with adjuvant RT had worse quality of life and sexual dysfunction than those treated with surgery alone or surgery followed by CT alone \[[@B18][@B22]\]. Given that cervical cancer mostly affects younger women, and since most patients with early-stage disease have good prognosis, sexual health and quality of life are very important issues for cervical cancer survivors \[[@B23]\]. In our study, 66.3% of patients were in the premenopausal state at the time of diagnosis, and treatment-related morbidity was acceptable.

In addition to adverse events, CT alone as adjuvant therapy has additional advantages. First, it can reduce hospital visits or costs. In our hospital, the average cost is as follows: adjuvant CCRT \$6,006, adjuvant RT \$5,450, platinum only per cycle \$112, and paclitaxel and platinum per cycle \$578. Second, if the patient experiences loco-regional recurrence, RT or CCRT are still available with curative potential \[[@B15]\]. In our study, 4 of 7 patients with pelvic recurrences are alive without evidence of disease after subsequent local treatment. Therefore, if CT alone as adjuvant therapy is at least as effective as RT or CCRT, it is reasonable to use CT alone after radical resection. Third, if RT facilities are unavailable, adjuvant CT only after radical surgery could be used. In contrary to cervical cancer, CT alone is accepted as one of standard adjuvant therapies after microscopically margin-negative resection in other solid cancers (e.g., gastric cancer and non-small cell lung cancer) \[[@B24][@B25]\].

In previous several studies, various combination regimens, such as paclitaxel/cisplatin, 5-fluorouriacil/cisplatin, bleomycin/vincrisitine/mitomycin/cisplatin, etoposide/cisplatin, were explored for adjuvant CT \[[@B12][@B13][@B17][@B18][@B19]\]. To date, optimal chemotherapeutic agents and treatment cycles have not yet been determined for cervical cancer in adjuvant setting. The combination of paclitaxel and platinum could be appropriate as adjuvant CT, based on the results achieved in phase III trials for advanced or recurrent cervical cancer \[[@B8][@B26]\]. However, our study suggested that single agent platinum could be used for patients with intermediate-risk disease. In conclusion, our results show that CT alone may be an effective adjuvant option for stage IB--IIA cervical cancer patients with surgical-pathologic risk factors. Further large prospective randomized trials that make a comparison between CT and RT or CCRT are necessary to confirm our findings and establish an optimal adjuvant CT regimen.
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